The most important direction in the development of modern medical science is the study of protective, compensatory and pathological reactions of the organism that occur in response to various stress factors. The aim of the study is the subsequent development of methods for pharmacological correction of these reactions. The remedies for the correction of stress-induced immunity disorders are represented by the glyprolin group -the Selank drug and the Pro-Gly-Pro peptide compound -and are of particular interest. The aim of the experiment was to study the immunomodulating effect of glyprolines on the basis of the "social stress" model. Materials and methods. The experiment was performed on non-linear male rats aged 6-8 months. A model of a sensor contact was used as a model of the experimental "social stress". The animals were divided into groups (n = 10): a "control" group was represented by individuals with aggressive and submissive types of behavior, formed within the conditions of the experimental "social stress" for 20 days; and 2 experimental groups in which the animals were intraperitoneally administered Selank (100 µg/kg) and Pro-Gly-Pro (100 µg/kg) against the background of the experimental "social" stress once a day for 20 days. A functional activity of the immune system was studied on the basis of standard immunopharmacological tests: a delayed-type hypersensitivity test (DTH test), a direct agglutination test (DAT), a latex test for studying the Neutrophil phagocytic rate of peripheral blood, and the essessment of the leucogram. Results. It has been established, that within the conditions of the "social" stress, the changes in the immune response are multidirectional. That fact confirms the theory of "the immune disbalance" caused by the action of stressors. As a result of studying the effect of glyprolines within the conditions of "the social stress", Selank and Pro-Gly-Pro proved to be effective immunocorrectors, restoring cellular and humoral immunogenesis reactions as well as the phagocytic activity of neutrophils and leucogram indices. Сonclusion. The carried out study expands understanding of the immunoreaction pathogenesis within the stress-induced conditions in order to further develop a pharmacological strategy for correcting the revealed disorders through the substances of the neuropeptide structure.
INTRODUCTION
The studies devoted to the the mechanisms of the dysfunctional changes in the immune system within the conditions of the "social" stress, as well as the development of methods for their correction, are the main directions of development in modern immunology and pharmacology. The action of stressors, regardless of their nature, leads to the "strain" of homeostasis of the organism on the whole and the immune system, in particular. That was confirmed by a lot of works on the study of Hans Selye's general adaptation syndrome, which consider the involution processes of the thymic lymphatic apparatus as an obligatory part of the stress triad. Stress-induced immune disorders can develop at any stage of the stress response, being the cause of decline in adaptive skills of the body and the development of, for example, secondary immunodeficiency states, autoimmune and allergic processes [1] [2] [3] .
The interest in research aimed at finding means for correcting changes in the immune response, morphofunctional disorders in the immunocompetent cells and organs against the background of the influence of vari-ISSN 2307-9266 e-ISSN Volume VII, Issue 4, 2019 ous stress factors, has recently increased significantly [4, 5] . The greatest achievement of molecular biology and medicine was the possibility of synthesizing bioregulators, in particular the ones of peptide nature, and the creation of new highly effective drugs on their basis. These drugs exhibit, among others, stress protective properties [6] [7] [8] .
As a result of the research in recent years, a new class of regulatory peptides -glyprolines -has been isolated; most of them are promising as therapeutic agents [9] . It should be noted that at the moment, a representative of this group, Selank, synthesized at the Institute of Molecular Genetics of the Russian Academy of Sciences, is in active use in clinical medicine. This drug was created by attaching Pro-Gly-Pro tripeptide to the C-termini of the unstable regulatory peptide Taftsin which solved the problem of in vivo stabilization and supplemented it with the effects of Pro-Gly-Pro itself [10] . As well as the already registered drug Selank, Pro-Gly-Pro tripeptide itself is of considerable interest from the standpoint of long-term benefits of practical implementation in clinical pharmacology. This peptide is a structural fragment of Selank, and, in addition, it has a physiological activity of its own [9, 11] . The analysis of the experimental data confirms the uniqueness of the properties of the preparations with the glyproline structure which consists in the combination of psycho-, neuro-and immunotropic kinds of activity [9, 12, 13] , and makes it promising to study various aspects of the pharmacological action of glyprolines in order to expand the possibilities of their practical application.
The aim of the research is to study immunomodulatory effects of glyprolines on the "social" stress model.
MATERIAL AND METHODS

Laboratory experiments
The study was performed on 70 non-linear male white rats, aged 6-8 months, obtained from the vivarium of the laboratory of physiology, morphology, genetics and biomedicine of Astrakhan State Medical University (Russia, Astrakhan). Throughout the experiment, the rats were kept in standard vivarium conditions of Astra- 
Experimental model
The "social" stress was chosen as an experimental model. The main methodological technique of this experimental model is a permanent residence of partners against the conditions of sensor contacts, which form aggressive and submissive kinds of behavior in animals [14] [15] [16] [17] . This model is widely used in studying various aspects of the influence of chronic aggression on brain neurochemistry, physiological functions, behavior and catastasis of animals. Therefore, and it is highly productive in terms of obtaining new and original data and their interpretation. These factors suggest similarity between the animals' state and the one observed in humans.
The males were placed in pairs in experimental cells, separated by a septum preventing them from a physical contact, but it had holes providing their sensor contacts. Every day, the septum was removed for 10 minutes. It overwhelmingly led to agonistic collisions (confrontations) [14] .
The groups of the animals with alternative types of behavior were formed: an aggressive type (in case of repeated victories experience -a winner / an aggressor) and a submissive type (in case of defeats -a victim). In the experimental animals, the manifestation of aggression was expressed in the forms of upright and sideways offensive postures -"threat" or attack. The social passivity was manifested by various acts of individual behavior: locomotion, sniffing, autogrumming, movements in place, upright defensive postures and immobility.
Experimental groups
The laboratory animals with aggressive and submissive kinds of behavior were divided into groups of 10 individuals:
• group of intact males;
• group of the animals that were exposed to stress for 20 days (sensor contacts); • group of the individuals which were treated with Selank intraperitoneally at the dose of 100 mcg/kg a day from the 1st day of exposure to stress (sensor contacts) for 20 days; • group of the rats which were treated with Pro-Gly-Pro intraperitoneally at the dose of 100 mcg/kg a day from the 1 st day of exposure to stress (sensor contacts) for 20 days.
Methods
The study of the functional activity of the immune system of the animals was carried out according to the "Guidelines for preclinical studies of drugs" on the basis of standard immunopharmacological methods [18] : a delayed-type hypersensitivity test (DTH), a direct agglutination test (DAT), a latex test for studying the phagocytic activity of peripheral blood neutrophils. In addition, the total number of leukocytes in the blood and leucogram were determined. It is important to note that in the formation of a specific immune response in the laboratory animals within the conditions of the experiment, a corpuscular T-depen-оригинальная статья Том 7, Выпуск 4, 2019 dent antigen (sheep erythrocytes) was used as an antigenic stimulus in the formulation of DTH and DAT.
To determine the phagocytic activity of peripheral blood neutrophils, a latex test on the basis of heparinized blood of the animals was used. Melanomaldehyde latexes were used as a test object. The activity of neutrophils was determined by the following indices: a phagocytic index or percentage of phagocytosis (the number of neutrophils with latex/100); a phagocytic number (the number of latex particles / 100).
To determine the content of the blood leukocyte count of the test animals, the blood was taken during the removal of the animals from the experiment from large vessels of the cervical area. The calculation was carried out in Gorjaev's chamber. The percentage of individual forms of leukocytes was evaluated in blood smears stained by Romanovsky-Giemsa staining.
Statistical processing of results
The results of the experiment were statistically processed using the following programs: Microsoft Office Excel 2007 (Microsoft, USA), BIOSTAT 2008 Professional 5.1.3.1. To process the obtained results, a parametric method with the Student t-test (with Bonferroni correction) was used. Statistically significant differences were considered at p˂0.05.
RESULTS
In the course of the experiments, it was established that long-term inter-male confrontations caused the suppression of DTH and DAT in the animals with both aggressive and submissive types of behavior compared to the control animals. The index of the delayed-type hypersensitivity test in the aggressors decreased by more than 45% (p<0.01), in the victims -by more than 30% (p<0.05). In relation to the humoral immunity in the animal aggressors, more pronounced changes in the indices were observed: a decrease in antibody titer in the aggressors -by more than 80% (p<0.001), in the victims -by more than 50% (p<0.001) compared with the control indices (Table 1) . As the results presented in Table 1 show, glyprolines contributed to the restoration of the indices of both immunity units. The index of DTH in aggressors increased in terms of the administration of Selank and Pro-Gly-Pro by an average of 80% (p<0.01), in victims -by an average of 30% (p<0.05). As for the formation of anti-erythrocyte antibodies in DAT, the indices of the hemagglutinin titer also remained higher than those of the animals of the "stress" group with an aggressive type of behavior by an average of more than 5 times (p<0.001). In the animals with a submissive type of behavior, when Selank was administered, the index was 2.2 times higher than that in the "stress" group and 1.3 times higher in the group after the administration of Pro-Gly-Pro (p<0.05, p<0.01) ( Table 1) .
When studying the phagocytic activity indices of peripheral blood neutrophils in the animals exposed to the "social" stress, an increase in the phagocytic index (PhI) and a phagocytic number (PhN) was found in the rats with both aggressive and submissive types of behavior. There was an increase in the phagocytic index by 18% in aggressors (p>0.05) and by almost 30% in victims (p<0.05), a phagocytic number was increased by 40% in aggressors and by 20% in victims (p>0.05). These factors indicate a hyperreactivity of a nonspecific element of the immune system ( Table 2) .
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Volume VII, Issue 4, 2019 When assessing the phagocytosis indices in the group of the animals treated with glyprolines (Selank, Pro-Gly-Pro) against the background of the impact of the "social" stress, it has been found out that the administration of these compounds leads to the restoration of the parameters of nonspecific immunoreactivity. A decrease of phagocytic number was noted among the aggressors and victims by an average of 20% (p>0.05) compared with the stressed animals. The assessment of the phagocytic index in the aggressors showed its slight decrease; and in the victims, it remained at the level of the intact animals. At the same time, it should be mentioned that the most pronounced changes in the studied parameters were notified within the conditions of the administration of Pro-Gly-Pro tripeptide to the aggressors, and less pronounced ones were notified in the victims ( Table 2 ).
An important stage of the work was to determine the total number of leukocytes, as well as to study the indices of the leucogram. Within the conditions of the "social" stress, a decrease in the total number of leukocytes (p<0.05) was observed in both, the aggressors (-29.1%) and the victims (-28.2%) relative to the control group indices. The stressed animals' leucogram showed a decrease in the percentage of eosinophils by 28.6% (p<0.05) in the aggressors and by more than 40% (p<0.01) in the victims. A statistically significant increase in segmented neutrophils by an average of 2 times (p<0.001), in band staple ones -by more than 50% (p<0.01) in the aggressors and by almost 2 times in the victims (p<0.01) should be also notified (Table 3) .
It was established that in the "stress" group animals treated with glyprolins, the total number of leukocytes was higher relative to the control values. The administration of these drugs to the stressed animals contributed to an increase in the total number of leukocytes relative to the "stress" group: after the administration of Selank and Pro-Gly-Pro, in the aggressors' group the number of leukocytes was almost twice as high (p<0.001 and p<0.01 respectively); in the group treated with Selank it was more than 1.5 times as high as in the victims (p<0.01); and after the administration of Pro-Gly-Pro, only slight changes were noted (p>0.05).
Under the influence of Selank, the number of eosinophils in the aggressors decreased less than in the animals without any pharmacological support. The administration of Pro-Gly-Pro to the stressed animals contributed to the conservation and was higher relative to the stressed group by 30% (p<0.05). In the leucogram of the rats with a submissive type of behavior, the percentage of eosinophils increased by an average of 31% (p<0.05). In addition, in the individuals with an aggressive type of behavior, the administration of Selank against the background of stress led to the maintenance of the content of band neutrophils relative to the intact animals, and that was by 12% lower (p<0.05) relative to the stressed animals. Within the conditions of Selank and Pro-Gly-Pro administration, in the animals with a submissive type of behavior the number of band neutrophils was lower than the values of the stressed group by an average of 50% (p<0.01 and p<0.01, respectively). The percentage of the segmented forms of neutrophils decreased in all the groups by more than 40% relative to the stressed animals ( Table 3) . 
DISCUSSION
The experiment has resulted in the following. It has been proved that under the influence of "the social stress", the changes in immunoreactivity are multidirectional, which indicates the formation of an immune imbalance, manifested by activation of some and suppression of other elements of the immune system. Thus, against the background of an increase in the phagocytic index and phagocytic number, stressing of animals with aggressive and submissive types of behavior was accompanied by the suppression of cellular and humoral immunity indices. In addition, some characteristic manifestations of stress-reactions on behalf of blood have been revealed: a decrease in the total number of leukocytes and eosinophils, as well as an increase in neutrophils.
As a result of studying the activity of glyprolines against the conditions of the "social" stress, it has been found out that the compounds used in the experimental groups proved to be effective immunocorrector, preserving immunogenesis (cellular and humoral) reactions and indices of phagocytic activity, as well as providing a protective effect on leukocyte blood lineage. The data obtained, indicate the presence of immunomodulatory properties in the studied compounds. It is important to note that the effect of glyprolins on the immune system used to be observed before [19] [20] [21] , but in this aspect the effect of peptides is studied for the first time.
CONCLUSION
Thus, this study actualizes the search for new immunocorrectors among the representatives of a new class of regulatory peptides -glyprolins, most of which are promising as therapeutic agents.
The fundamental approach used in this work, emphasizes the importance of scientific research in the field of immunoreactivity against stress-induced conditions, in particular, the "social" stress. The aim of further studies is developing a pharmacological correction strategy using Selank and its fragments as representatives of glyprolines, characterized by a wide spectrum of action, as well as a high degree of safety.
